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1. IN’J’ROI)UCIJON
‘l’his sutnmary  describes the spatial, spectral, and radiometric  calibration of TIMS
performed at the JPI.  Thermal Jnfrared  Calibration Facility (’l’lKCAl.) between May
and August, 1994. The 1994 calibration of TIMS was the first to make use of the
new l;XABYTE (8nm~ helical-scan tape) recording system. With the new recorder, the
‘l’]  MS data tapes may be read directly on any computer system that has an EXAJ3YJ’Ji
tape drive. We analymd the calibration data sets using image, procwsing,  procedures
w~it tcn in ID]. (Research Systems, Inc., .Boulcler, CO 80303).

2. SJ)A’J’JAI,  CA1,I IIRATJON
‘l’he purpose. of the spatial, or geometric, calibration was to verify the instantaneous
field of view (l f;OV) of 3’lMS in the scan line., or horizontal, and flight lim, or
vcriical,  directions, The equipment required for the spatial calibration tests inclucled a
large flat mirror with a 45° mount, a collimator (1 m focal length), a translation stage
(with controller), thin (0.3 mm diameter) nickel-chromium (NiCr) wire, an
oscillosc.oj>c, and various power supplies. I’he accLtracy and precision of the translation
rate of the translation stage was determined with a micrometcl and stop watch.

TIMS was mounted on a suppcmt frame approximately 0.3 m above the
surface of an optical bench. The mirror  was positioned beneath TIMS to reflect the
output of the collimator into the instrument. ‘l”he NiCr wire was mounted on the
translation stage mcl heated to incandescence, The hot wire was positioned next to the
input por[ of the. collimator such that the image of the wire was in the focal plane of
the. collimator. ~’he optimum alignment of the fo]cling mirror was found by moving the,
mirlor  and chezkin~  the ‘I’l MS response with the oscilloscope,

‘J’he hot wire was translated in both the horizontal and vertical directions,
relative to the collimator. ‘J’he n~ovement  of the hot wire across the TIMS field stop
mapped the field stop into the image data. Profiles of these data taken perpendicular to
the ‘J’IMS scan direction resembled Gaussian functions, The width of these fLUIC.tiOnS  at
half the maxinium  amplitude (full width-half maxinmm, or F W1 IM) was a measure the
1 l/OV of ‘1’1 MS. ‘J”he following table summarizes the results of the spatial calibration.

I 1’lMS Channel I IIorizontal  IFOV (n~rad) I Verlical IFOV (tnrad) I
I I I 2.65 :1 0.096 I 2.58 3 0.093 I

I 2 I 2..66 :1 0.094 I 2.64 :1 0.093 I

I 3 I 2.62. j 0.095 I 2..50 j 0.093 I

I 4 I 2..61 j 0.090 I 2..71  d 0.095 I

1 5 I 2.54 j 0.096 I 2.69 j O.O95 I

I 6 I 2 .49 j 0.105 I 2>.56 d 0.094 I
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3, SIWCTRAL CA1.IBRATJON
‘J’he equipment required for the spectral calibration of q’lMS was similar to that
required for the spatial calibration, with the substitL]tion  of a rnonochromcter and
infrared glower (source) for the hot wire and translation stage. I’he spectral and
radiome.tric characteristics of the, monochrometer and glower were determined prior to
the spectral calibration of ‘J’JMS. ~’he accuracy and pr&ision  of the monochromcter
scan rate was also determined.

The monochrometer was positioned at the. input port of the collimator such
that the monochrorneter  slit was in the focal plane of the collinlator.  The
monochromete.r  was scanned between 7 and 13 pm. Profiles of the ‘J’J MS data taken
perpendicular to the scan direction produced “raw” spectral response functions for
each I’IMS channel, KnowJedge  of the scan rates of the monochrormter  ~m per
second) and ‘J’JMS (scans per second) allowed us to determine the spectral output of
the monochromcter at each TJ MS scan line. The raw response functions were filtered
to remove noise and corrected for the spectral and radiormtric  response of the
monochromcter and glower. The results of the spectral calibration are surnmarimd in
the. following table, and a plot of the resl}onse  functions is found in Figure 1. ‘J’he
tabulated response functions are available upon request.

[ -E”--’l:___
—— ———. . . . . ..— . ..— . . . . . ..- -- .-— — _.

‘J’JMS Channel FW}l M (pm) Peak Position (pm)
_—.. —_-— ..- .— . . —. —.... .—. -. —.—. —

1 0.374 j O.OJ 1 8.402. j 0.050
—..—. -——. —-. —..- —. ——— ——. .

2 0.358 j 0.013 8.766 j 0.052
-.

3 0.379 f 0.016 9.212 f 0.055
-—.. —

4 0.690 ~ 0.021 10.012 i 0.060
—. ..- _-— .-.. —.- —... —. ——. —-—.

5 0.888 j 0.028 10.630 j 0.063
—

6 0.6S9 j 0.035 11.512. j 0.068
..—. — — _——. ——-—....——.—.

4. RA1)IOMETRIC CA1.lBRATION
lior the radiornetric phase of the calibration, an cxte.ndwl-area  blackbody was
positioned below the lJMS support franle. ~’he large surface area of the blackbody
completely tilled the T] MS aperture. The purpose of the radiomctric  calibration was
to cletermine if the T] MS estimates of the blackbody temperatures agreed with the
temperatures set oJ~ the blackbody controller.

4.1. Radiomcfric  l’recision
I“hc uniform tenq>cratLme distribution across the surface of the extended-area
blackbody  allowed us to evaluate the racliometric  precision of ‘l’JMS, which is usually.
reported as the noise equivalent delta ten~pcrature-(NHA’l’).  The NIiA”J’ is the smallest
chat~ge, in tcmpe.rat ure that T] MS can discriminate in the presence of noise.
Analogously, the deviation in 3’J MS ten~Jmrature  estiwiatcs over a sLlrface with a
Lmiform  tcn~J>crature distribution is a n}easLlre of the NIiAq”.

};igLlre  2 is a plot of the stanclard cJe.viations of temperatL\re  estimates in each
of the six ‘J’JMS channels against the tenqmratLve  of the extenclecl-area blackbody
(Channel 1 = + , 2 = * , 3 = 0,4 = A,5 = [1,6= X). Atthelevel of one
stanclard deviation, the NEAT is better than 0.17 “C in all six TJMS channels.



4,2. Racliomctric  Accuracy
I’igure 3 is a plot of the TJMS ten~peratLlre estimates for the extended-area blackbocly
against the set-point temperatures of the blae.kbody,  The, expe.ritnents were performed
at two different combinations of setlings for the reference blackboclies internal to
‘l’IMS. The solid line (Fig. 3) represents the T] MS temperature estimates recovered
with internal settings of 2!0 and 45 ‘C, while t}~c broken line. represents the ‘1’l MS
temperature estimates recovered with internal settings of 25 and 50 “C. ‘l”he latter
settings prevented lJMS from saturating when observing high-temperature surfaces.

In general, the TIMS estimates were slightly higher than the set-point
temperatures. l“his effect was slightly more pronounced when the internal blackbodies
were set to 2.S and 50 “C. IIowever,  the 71MS temperature estimates were within 0.8
O(! of the set-point temperatures for all of our calibration experiments.

S . CONCI.USIONS
The results of our calibration experiments indicates that TIMS is capable of estimating
surface temperatures with an absolute accuracy of 1.0 ‘C. I’he instnlment ean detected
cbal~ges in surface temperature of at least 0.2, “C for a surface temperature ranging
between 20 ancl 45 “C. The conservative accuracy levels are based on the w’orst-case
results of the calibration experiments.

It is important to realize that these accuracy levels were achieved in the
absence of a turbulent wind blast (aside from the air-flow gemrated  by the 7’JMS scan
mirror). In acldition, we had a short atmospheric path ( < 0.5 m) and near-complete
knowledge of the emissivity of our target surface. I“he, in-flight accuracy of TIMS,
with turbulent wincls in the instrument bay, long paths through the atmosphere, rrncl
incomplete knowldge of the emissivity of the ground, will be certainly be lower than
the. laboratory accuracy.



FJGIJllFi  1: T’l  MS SPECTRAL RESPONSE -T. ~ .-.7 ,7

J .—
8 9 10 11 12

WAVHI,l:NGIII  IN MICltOhll:llilLq

T., rr-

, ,..  .

13
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